We present a Bayesian analysis of the Landau mass within the extended σ-ω model for neutron star matter. To this purpose, we consider the mass measurement of the object PSR 0740+6620, the tidal deformability estimation from the GW170817 and the mass-radius estimate of PSR J0030+0451 by NICER. Using Landau mass as free parameter of the theory, we tested the prediction power to find the best value fo this nuclear parameter of the Bayesian method.
I. INTRODUCTION
The study of dense nuclear matter is an active research area. Experiments carried on relativistic collisions of heavy ions can provide estimates on the properties of hot, dense matter. On the other hand, celestial objects like neutrons stars bear the densest type of nuclear matter in equilibrium at temperature values relatively low that its contribution can be neglected when computing the equation of state (EoS) . In this work we study nuclear matter in the framework of the extended σ-ω model with just one variable parameter: the Landau mass, m L . In order to estimate the effect of the variation of m L , we compute the mass radius relations of neutron stars together with their corresponding tidal deformabilities.
The former ones have been recently constrained from the observation of X-ray signals from emissions coming from a star surface carried out by the NICER detector [1, 2] . The latter ones are associated with the gravitational wave signals of compact stars mergers detected by interferometers of the LIGO-Virgo collaboration [3] . One crucial question on the neutron star studies is the value of the maximum mass which is quantity dependent on the equation of state (EoS). The stiffer the EoS the larger the maximum mass as well as the stellar radius.
The measurement of the most massive compact star has been carried out by means of the Shapiro delay effect in a binary star system [4] . We proceed in our study by considering the constrains from the above observations including their uncertainty ranges to perform a Bayesian analysis in order to obtain posterior probabilities for the Landau mass values.
II. THE EQUATION OF STATE
For the interior of a compact star we consider here the extended σ-ω model describes protons, electron, and neutrons in β-equilibrium and approximates the nuclear force by introducing the σ, ω and ρ meson. The Lagrange-function corresponding to the extended σ-ω model has the following form,
where Ψ = (Ψ n , Ψ p ) is the vector of proton and neutron fields, m N m σ m ω are the σ and ω meson masses and g σ , g ω , and g ρ are the Yukawa couplings corresponding to the σ-nucleon, ω-nucleon and ρ-nucleon interactions respectively. The kinetic terms corresponding to the ω and ρ meson are written as respectively,
In eq. (2) U i (σ) is a self interaction term for the σ-meson and it has the following form:
The model is considered in the mean field approximation at zero temperature and finite chemical potential. These assumptions simplify eq. (2) and all of the kinetic terms become zero and only the following components of the mesons has non-zero value: ω 0 = ω and ρ 3 0 = ρ. Using these assumptions the free energy corresponding to the model can be calculated as it is described in for example in Ref. [5] :
where µ p , µ n and µ e are the proton, neutron, and electron chemical potential respectively.
The f F term describes the free energy contribution corresponding to one fermionic degree of freedom,
where E 2 k = k 2 + m 2 . In these calculations we used the T → 0 approximation to describe the cold and dense nuclear matter of the compact star, which means that the fermionic free energy has only two variables f F (m, µ). The free parameters of the model are determined by using nuclear saturation data [6, 7] . The values used to fit the model are the binding energy B = −16.3 MeV, the saturation density, n 0 = 0.156 fm -3 , the nucleon effective mass, m * = 0.6m N , the nucleon Landau mass m L = 0.83m N , compressibility, K = 240 MeV, and asymmetry energy, a sym = 32.5 MeV. The Landau-mass is given by following Ref. [6] :
Where k = k F the Fermi-surface and E k is the dispersion relation of the nucleons. The
Landau mass is closely related to the effective nucleon mass in mean field theories:
Because of this connection the Landau mass and the nucleon effective mass can not be fitted simultaneously [7] . In this paper the model is fitted to reproduce the data given above, except for the Landau mass and the effective nucleon mass. These parameters are kept free and determined by comparing the mass radius diagrams corresponding to different values of the Landau mass to neutron star observations. The compression modulus of the nuclear matter is defined as in Refs. [6, 8] :
The asymmetry energy has the follwing definition [6] :
where t = nn−np n B . It's value is fitted as it is described for example in Ref. [6] . For the full neutron star EoS description we complement the extended σ-ω model with a low density EoS describing the neutron star crust which is joined at the density value where both EoS models have equal pressures. The crust EoS used here is SLy4 [13] .
III. BAYESIAN ANALYSIS RESULTS
The most basic properties of neutron stars are mass and radius. For a static, spherically symmetric neutron star, the solution to the Tolman -Volkov -Oppenheimer equations will result into mass-radius relations [14, 15] . In addition, by considering perturbations to the static metric of the spherical body, it is possible to find its deformability which in the case of inspiraling binaries will produce gravitational waves right before the merger due to tidal forces, see [16] . Figure 1 shows the resulting compact star sequences together with several regions of constraints from observations. The green, horizontal band centred at 2.14M corresponds to the measurement of the most massive pulsar PSR 0740+6620 [4] whereas the gray and brown regions correspond to the estimates of the two components with masses M 1 and M 2 of the GW170817 merger event. The elliptical dashed regions correspond to the two reported estimates of the PSR J0030+0451 star studied by NICER [1, 2] . The results for tidal deformabilities are shown in Figure 2 , in which each line style corresponds to a m L value. A systematic behaviour on the mass-radius relation is clear: lower (higher) values of m L correspond to stiffer (softer) neutron star matter and higher (lower) maximum mass.
On the Λ 1 − Λ 2 diagram the darker green region signifies a 2σ confidence level whereas the lighter ones correspond to 3σ. Next, we perform a Bayesian inference study. Many other works [17] [18] [19] [20] [21] have applied this kind of analysis basing their result on other constraints usually bearing higher uncertainties than the ones we have chosen, for example a primer work on X-ray bursts analysis from the surface of compact stars [22] . Instead, in our work we consider the recent NICER measurements for a mass-radius estimate of the pulsar PSR J0030+0451 together with the measurement of the mass of the most massive observed pulsar PSR 0740+6620 and the information derived from the gravitational wave detection event GW170817.
IV. OUTLOOK AND CONCLUSIONS
The posterior probability distributions of our Bayesian analysis are shown in Figure 3 , which displays 6 panels in which compact star observations have been considered. For the 
